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ABSTRACT: 

PROBLEM TO BE SOLVED: To provide sound absorbing material 
high in a sound 

absorbing rate in a low frequency area even with thin 

thickness and excellent 

in handling performance as material. 

SOLUTION: Sound absorbing material is provided with a 
porous material Al with a 

bulk density of 2 00-500kg/m<SP>3</SP> and a Young's modulus 
of 

1. O&times; 10<SP>6</SP>- 1 . O&times ; 10<SP>8</SP>N/m<SP>2</SP> 
and porous material 

B2 laminated on the surface of the porous material Al and 
having a bulk density 

of 100kg/m<SP>3</SP> or less and a Young 1 modulus of 
1 . O&times ;-10<SP>^</SP>-l . O&times ; 10<SP>6</SP>N/m<SP>2</SP> . 
The porous 
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N/A 


material Al side is made the incident side of sound wave, 
and the porous 

material B2 side is made the transmission side of this 
sound wave. 
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[SUBJECT] 

It is providing the sound absorbing material 
whose acoustic absorption coefficient in a low- 
frequency region is high even if thickness is 
thin, and is excellent in the handleability as a 
material. 

[SOLUTION] 

A sound absorbing material is provided with 
porous material (A) which has the bulk density 
of 200 to 500 kg/m3, and the Young's modulus 
of 1.0*1 06-1 .0*1 08Ns/m2, and porous material 
(B) which was laminated by the surface of said 
porous material (A) and which has the bulk 
density of 100 or less kg/m3, and the Young's 
modulus of 1 .0*1 03-1 .0*1 06Ns/m2. 
Said porous material (A) side is the incident 
side of a sound wave. 

Said porous material (B) side is the 
transmission side of said sound wave. 
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Incident direction of a sound wave 
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[CLAIM 1] 

It has porous material (A) which has the bulk 
density of 200 to 500 kg/m3, and the Young's 
modulus of 1.0*1 06-1. 0*1 08Ns/m2, and porous 
material (B) which has the bulk density of 100 
kg/m3 or less and the Young's modulus of 
1.0*1 03-1. 0*1 06Ns/m2 which were laminated 
by the surface of said porous material (A), said 
porous material (A) side is the incident side of a 
sound wave. 

The sound absorbing material said whose 
porous material (B) side is the transmission side 
of said sound wave. 
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[CLAIM 2] 

Sound absorbing material which has a porous 
material (A) which has the bulk density of 200 to 
500 kg/m3, and the Young's modulus of 
1 .0*106-1 .0*108Ns/m2, porous material (B) 
which has the bulk density of 100 kg/m3 or less 
and the Young's modulus of 1.0*103- 
1.0*106Ns/m2 which were laminated by the 
surface of said porous material (A), and the 
powder layer which expresses a sound- 
absorption action by vibration of the particle 
laminated by the surface of said porous material 
(A) which is in a reverse side to said porous 
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material (B). 

Said powder layer side is the incident side of a 
sound wave. 

Said porous material (B) side is the 
transmission side of said sound wave. 
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[CLAIM 3] 

Said powder layer is the sheet article which held 
the powder which expresses sound absorbing 
performance by the acoustically transparent 
base material. 

The thickness of said powder layer is 5 mm or 
less 
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[CLAIM 4] 

The sound absorbing material of Claim 3 
hwerein said powder has a 0.1 to 1000- 
micrometer mean particle diameter, and the 
bulk density of the range of 0.1 to 1 .5 g/cm3, 
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[CLAIM 5] 

The sound absorbing material of Claim 3 
wherein a mixed powder of said powder is a 
powder which consists of a granular particle 
with the powder which consists of a 
microfilament object of 1*102 or less N/m of 
spring constant. 

[CLAIM 6] 

The sound absorbing material of Claim 3 
wherein said powder has a granular particle and 
a microfilament object adhering to the surface 
of said granular particle. 
Said microfilament object has the load rate of 
1*102 or less N/m. 


[DETAILED DESCRIPTION OF INVENTION] 
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[wmm-tzm/ftftm [technical field] 

^^M&$k=^j${zM~t&o This invention relates to a sound absorbing 

material. 
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[PRIOR ART] 

Conventionally, the sound absorbing material is 
used by the application mentioned to the 
following (1)-(3). 

(1) 

It uses as interior materials, such as a listening 
room and a musical instrument practice room. 
It uses in the room where an indoor sound 
property poses a problem as an interior material 
for finishing for controlling an indoor 
reverberation-time property, a reflective 
property, etc. 

[0003] 

(2) 

It uses as a filler of a wall and a ceiling. 
In the room where a sound-insulation property 
is required, in order to improve the sound- 
insulating ability of a wall or a ceiling, double 
panel structure is adopted in many cases. 
It uses in order to fill a sound absorbing material 
and to further improve a property among these 
panels. 
(3) 

In addition, it uses for the lining of a sound 
absorption duct, and the lining of the noise 
insulation cover of the apparatus which 
generates a noise. 

[0004] 

The conventional sound absorbing material 
used by these applications utilized the porosity 
of raw materials, such as foaming urethane and 
glass wool. 

As for the sound-absorption mechanism, if a 
sound wave enters inside of the air bubbles and 
holes which were connected, such as foaming 
urethane and glass wool, a sound pressure 
reduces by a viscous friction with a cellular wall 
surface etc. in process of propagation of a 
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which were connected are the open cell which 
carried out the complicated cross-sectional 
shape. 

Consequently, it is thought that a sound-wave 
energy is absorbed in a sound absorbing 
material. 

[0005] 

The acoustic absorption coefficient of a porous 
material is big when the frequency of a sound 
wave becomes higher and thickness increases. 

However, to the sound wave of a low-frequency 
region (especially 250Hz or less), it is small. 
If the thickness of a porous material increases, 
the acoustic absorption coefficient of a low- 
frequency region can be gathered. 
However, the room will become narrow, if a 
porous material is thick when a porous material 
is used as an interior material of the room. 
Said problem arises. 

The route of air wilt become narrow, if a porous 
material is thick when it uses as lining of a duct. 
Said problem arises. 

Therefore, the method of increasing the 
thickness of a porous material and gathering 
the acoustic absorption coefficient of a low- 
frequency region is not a suitable method. 

[0006] 

From a viewpoint different from this, this 
applicant propose the sound absorbing material 
using a vibration of the powder which has the 
sound-absorption effect to the sound wave of a 
low-frequency band as a sound absorbing 
material different from a porous material which 
has sufficient acoustic absorption coefficient in 
a low-frequency region (Japanese Patent 
Application No. 2-294220, Japanese Patent 
Application No. 4-120103, Japanese Patent 
Application No. 6-176295). 
Even if it is a sound absorbing material using 
such a powder, in order to obtain superior 
sound absorbing performance, in a low- 
frequency region, it is necessary to thicken a 
powder layer in the same manner to the above. 
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When using the sound absorbing material which 
actually utilized the powder, the handleability as 
a material reduces, during the use of such a 
sound absorbing material, there is performance 
degradation resulting from the spill of a powder, 
a polarization, etc. 
There is said problem. 

[0007] 

In order to improve these, this applicant 
propose the sound absorbing material which 
reduced the thickness of a powder layer sharply 
by laminating a porous material layer to the side 
which the sound wave of the sound absorbency 
powder layer permeates in order to improve the 
handleability as a material. 
(Japanese Patent Application No. 6-257217). 
Furthermore, this applicant propose the powder 
holding sheet which shaped the powder 
excellent in the sound absorption 
characteristics in the shape of a sheet. 
The thickness of a powder layer is thin and 
cutting * machining can do this powder holding 
sheet, the handleability as a material is high, the 
performance degradation resulting from the spill 
of a powder, polarization, etc. is not observed, it 
is the sound absorbing material in which the 
sound absorption characteristics was excellent 
to the sound wave of a low-frequency band. 


[0008] 

However, development of a thing with a higher 
acoustic absorption coefficient in a low- 
frequency region and thinner thickness than 
these sound absorbing materials is desired 
now. 

Moreover, as for the sound absorbing material 
using a powder, the present condition is that 
development of a sound absorbing material with 
a high acoustic absorption coefficient in a low- 
frequency region and thinner thickness is 
desired. 

It is further desirable that the sound absorbing 
material using a powder has high 

aging stability, and there is no performance 

degradation. 
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[PROBLEM ADDRESSED] 

PROBLEM ADDRESSED is providing the 
sound absorbing material whose acoustic 
absorption coefficient in a low-frequency region 
was high even if thickness is thin, and which 
is excellent in the handleability as a material. 
Another subject which this invention tends to 
solve is providing the sound absorbing material 
whose acoustic absorption coefficient in a low- 
frequency region is higher even if thickness is 
thin, and is excellent in the handleability as a 
material. 
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[SOLUTION OF THE INVENTION] 

The sound absorbing material of this invention 1 
is provided with porous material (A) which has 
the bulk density of 200 to 500 kg/m3, and the 
Young's modulus of 1 .0*106-1 .0*1 08Ns/m2, 
and porous material (B) which has the bulk 
density of 100 kg/m3 or less and the Young's 
modulus of 1.0*1 03-1. 0*1 06Ns/m2 which were 
laminated by the surface of said porous material 
(A), said porous material (A) side is the incident 
side of a sound wave. 

Said porous material (B) side is the 
transmission side of said sound wave. 
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[0011] 

The sound absorbing material of this invention 2 
is provided with 

a porous material (A) which has the bulk density 
of 200 to 500 kg/m3, and the Young's modulus 
of 1.0*1 06-1. 0*1 08Ns/m2, a porous material (B) 
which has the bulk density of 100 kg/m3 or less 
and the Young's modulus of 1.0*103- 
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1.0*106Ns/m2 which were laminated by the 
surface of said porous material (A), and the 
powder layer which expresses a sound- 
absorption action by vibration of the particle 
laminated by the surface of said porous material 
(A) which is in a reverse side to said porous 
material (B). 

Said powder layer side is the incident side of a 
sound wave. 

Said porous material (B) side is the 
transmission side of said sound wave. 
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[0012] 

Said powder layer is the sheet article which held 
the powder which expresses sound absorbing 
performance by the acoustically transparent 
base material. 

The thickness of said powder layer is desirable 
in it being 5 mm or less. 

Said powder has preferably a 0.1 to 1000- 
micrometer mean particle diameter, and the 
bulk density of the range of 0.1 to 1 .5 g/cm3. 

Said powder is a mixed powder of the powder 
consisting of a granular particle and the powder 
consisting of the microfilament object of 1*102 
or less N/m of spring constants. 
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[0013] 

Said powder has a granular particle and a 
microfilament object adhering to the surface of 
said granular particle, when said microfilament 
object has the spring constant of 1*102 or less 
N/m, it is desirable. 
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[1st sound absorbing mat rial] 

The sound absorbing material of this invention 1 
is a laminated material of a cross-section as 
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shown in FIG. 1, for example. 

This sound absorbing material is provided with 

porous material (A)1 which has the bulk density 

of 200 to 500 kg/m3, and the Young's modulus 

of 1.0*1 06-1 .0*1 08Ns/m2, and porous material 

(B)2 which was laminated by the surface of said 

porous material (A)1 and which has the bulk 

density of 100 or less kg/m3, and the Young's 

modulus of 1 .0*1 03-1 .0*1 06Ns/m2. 

Said porous material (A)1 side is the incident 

side of a sound wave. 

Said porous material (B)2 side is the 
transmission side of said sound wave. 
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[0015] 

If porous material (A) has the bulk density of 
200 to 500 kg/m3, and the Young's modulus of 
1.0*1 06-1. 0*1 08Ns/m2, there will be especially 
no limitation. 

As the example of porous material (A), rock 
wool acoustic tile which consists of rock wool 
fiber and a binder; 

Board which formed inorganic fiber, such as 
rock wool and glass wool, with binders, such as 
a phenol resin; 

and the foamability boards, such as a urethane 
board, etc. can be mentioned. 


[0016] 

If porous material (B) has the bulk density of 
100 kg/m3 or less, and the Young's modulus of 
1.0*1 03-1. 0*1 06Ns/m2, there will be especially 
no limitation. 

As the example of porous material (B), 
inorganic or organic porous materials, such as 
rock wool, glass wool, and a nonwoven fabric; 
and the foamed-resin objects, such as 
urethane, etc. can be mentioned. 
There is especially no limit about the thickness 
of porous material (A) and porous material (B). 
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However, when the thickness of porous material 
(A) is 2 - 20 mm, and the thickness of porous 
material (B) is 5 - 50 mm, the thickness when 
laminating porous material (B) in . porous 
material (A) is thin, and it is excellent in a 
handleability. 

Since a sound-absorption effect in a low- 
frequency region can be provided, it is 
desirable. 

Moreover, when the ratio of the thickness of 
porous material (A) and porous material (B) 
[porous material (A):porous material (B)] is 
4:1-1 :20, since the peak frequency (fr) in a low- 
frequency region can be set up, it is desirable. 
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[0017] 

Porous material (B) is laminated by the surface 
of porous material (A) in 1st sound absorbing 
material. 

There is especially no limitation about the 
method of laminating porous material (B) in 
porous material (A). 

However, for example, there are the method of 
using and laminating an adhesive agent, a 
method of using and laminating the binder of 
heat-fusion property, the method of adhering by 
the adhesive tape, etc. 

As for 1st sound absorbing material, porous 
material (B) is laminated by the surface of 
porous material (A). 

It integrates, moreover, by laminating the raw 
material of a different bulk density, since the 
sound-absorption effect by the below- 
mentioned resonance arises, thickness can be 
made thin. 

Therefore, it is excellent in the handleability as a 
material. 

[0018] 

In 1st sound absorbing material, a porous 
material (A) side is the incident side of a sound 
wave. 

A porous material (B) side is the transmission 
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side of a sound wave. 

If the incident side and transmission side of a 
sound wave are made reverse, it is not 
desirable in order that a sound-absorption 
action in a low-frequency region may reduce. 
In a porous material independent with a bulk 
densities [, such as rock wool, ] of 500 kg/m3 or 
less, a sound absorption characteristics is 
shown in middle and high compass. 
However, a sound-absorption action in a low- 
frequency region is very small. 
Nevertheless, in 1st sound absorbing material, 
the acoustic absorption coefficient in a low- 
frequency region is high. 
This reason is considered to be as follows. 
That is, if the structure shown in FIG. 1 
demonstrates, the resonance phenomenon 
which used as the "spring" porous material (B)2 
which is in "mass (dead weight)" and the 
transmission side of a sound wave about 
porous material (A)1 in the incident side of a 
sound wave will happen. 
With the sound-absorption action by resonance, 
it is thought that the sound absorbing 
performance in a low-frequency region 
becomes higher. 

Moreover, if the incident side and transmission 
side of a sound wave are made reverse in 1st 
sound absorbing material, a sound-absorption 
action in a low-frequency region will reduce. 
This is because the sound-absorption action by 
the above resonances is no longer obtained. 
Moreover, porous material (A) and porous 
material (B) need to have the bulk density and 
Young's modulus of said range. 
When the sound wave carried out incidence to it 
being outside this range, the resonance 
phenomenon of a porous material does not 
happen. 

Or even if a resonance phenomenon happens, 
there is a possibility that the resonance level 
may become smaller. 

It becomes impossible to anticipate the sound 
absorbing performance in a low-frequency 
region. 
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When porous material (A) or porous material (B) 
is independently used as a sound absorbing 
material, respectively, there is almost no sound- 
absorption action in a low-frequency region. 
Even if it is, a sound-absorption action is small. 
Therefore, in order to gather the acoustic 
absorption coefficient in a low-frequency region 
independently, it is necessary to thicken a 
porous material and to use it. 
On the other hand, in 1st sound absorbing 
material, since the sound-absorption action by 
resonance is obtained as mentioned above, a 
porous material can be made thin. 


[0020] 

By the sound-absorption mechanism by 
resonance action, an acoustic absorption 
coefficient becomes bigger by the frequency 
band which a resonance of a spring-mass 
system produces. 

fr is expressed with Formula (1) shown below 
when the frequency in which an acoustic 
absorption coefficient becomes larger according 
to a resonance phenomenon is made into a 
peak frequency (fr). 

In addition, 1 (rho) shows the bulk density of 
porous material (A) by Formula (1). 
t1 shows the thickness of porous material (A). 
t2 shows the thickness of porous material (B). 

[0021] 

fr=[1.4*105/((rho) 1*t1*t2)] 1/2 / 2(pi) (1) 
Since 1(rho) *t1 is the surface weight (kg/m2) of 
porous material (A), the peak frequency (fr) is 
decided by the surface weight (kg/m2) of 
porous material (A), and thickness of porous 
material (B). 

It is understood the surface weight of porous 
material (A) which is the incident side of a 
sound wave, and the thickness of porous 
material (B) which is the transmission side of a 
sound wave has influence on the peak 
frequency (fr) which is a frequency in which an 
acoustic absorption coefficient becomes larger 
according to a resonance phenomenon. 
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About physical properties, such as porous 
material (A) and thickness in porous material 
(B), a material, a bulk density, and a Young's 
modulus, it is necessary to choose suitably, 
balancing the sound absorbing performance in 
a low-frequency region, the handleability as 
making thickness thin and a material, etc. 
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[2nd sound absorbing material] 

The sound absorbing material of this invention 2 
is a laminated material of a cross-section as 
shown in FIG. 2, for example. 
This sound absorbing material is provided with 
a porous material (A)4 which has the bulk 
density of 200 to 500 kg/m3, and the Young's 
modulus of 1.0*1 06-1 .0*1 08Ns/m2, a porous 
material (B)3 which was laminated by the 
surface of said porous material (A)1 and which 
has the bulk density of 100 or less kg/m3, and 
the Young's modulus of 1.0*103-1 .0*1 06Ns/m2, 
and the powder layer 5 which expresses a 
sound-absorption action by vibration of the 
particle laminated by the surface of said porous 
material (A)4 which is in a reverse side to said 
porous material (B)3, said powder layer 5 side 
is the incident side of a sound wave. 
Said porous material (B)3 side is the 
transmission side of said sound wave. 
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[0022] 

2nd sound absorbing material is set to 1st 
sound absorbing material, with porous material 
(B), the powder layer which expresses a sound- 
absorption action by vibration of a particle on 
the surface of porous material (A) in a reverse 
side was laminated. 

The acoustic absorption coefficient in a low- 
frequency region becomes higher more rather 
than 1st sound absorbing material. 
Moreover, the surface weight of porous material 
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(A) is enlarged in 1st sound absorbing material, 

a peak frequency (fr) can be reduced by 

thickening porous material (B). 

However, if the surface weight of porous 

material (A) is enlarged, a resonance level will 

reduce. 

It may not be desirable. 

Such a point is canceled by using 2nd sound 
absorbing material. 


[0023] 

In 2nd sound absorbing* material, a powder 
layer side is the incident side of a sound wave. 
A porous material (B) side is the transmission 
side of a sound wave. 

If the incident side and transmission side of a 
sound wave are made reverse, since a sound- 
absorption action in a low-frequency region will 
reduce, it is not desirable. 
This reason is because the sound-absorption 
action by resonance of porous material (A) and 
porous material (B) is no longer obtained like 
the case of 2nd sound absorbing material, and 
that when the sound wave which carries out 
incidence does not hit a powder layer initially, 
the sound-absorption action by vibration of the 
particle in a powder layer is no longer obtained. 
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[0024] 

If porous material (A) and porous material (B) 
which are used with 2nd sound absorbing 
material have a said bulk density and a Young's 
modulus, there will be especially no limitation. 
Porous material (A) and porous material (B) 
which were demonstrated with 1st sound 
absorbing material can be used as it is. 
Porous material (B) is laminated by the surface 
of porous material (A) in 2nd sound absorbing 
material, moreover, the powder layer is 
laminated by the surface of porous material (A) 
in a reverse side with porous material (B). 
Also with the laminated method in 2nd sound 
absorbing material, the laminated method 
demonstrated with 1st sound absorbing 
material can be performed as it is. 
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[0025] 

If the powder layer used with 2nd sound 
absorbing material expresses a sound- 
absorption action by vibration of a particle, there 
will be especially no limitation. 
A handleability improves [ that whose thickness 
of a powder layer is 5 mm or less ] by the sheet 
article to which such a powder layer held the 
powder which expresses sound absorbing 
performance by the acoustically transparent 
base material. 

A reduction of the sound absorption 
characteristics by the polarization of a powder 
etc. can be suppressed. 

Since a sound-absorption action in a low- 
frequency region becomes higher, it is 
desirable. 

[0026] 

The sheet article held the powder which 
expresses sound absorbing performance by the 
acoustically transparent base material. 
There is especially no limitation about the 
structure of a sheet article. 
However, for example, as the cross section is 
shown in FIG. 3, there is structure obstructed 
with the acoustically transparent surface sheet 
6 in the powder 8 which expresses a sound- 
absorption action by vibration of a particle. 
Surface sheet 6 partner is adhered partially, it is 
the structure where the powder 8 of surface 
sheet 6 inside is divided by the adhesion part 7 
at the cell-like unit. 

In FIG. 3, a sheet article has a cell structure, 
when the surface sheet 6 adheres partially, the 
powder 8 is divided * held to surface sheet 6 
inside. 

The adhesion part 7 is provided suitably, the 
number of the adhesion parts 7 is fluctuated 
according to the size of the area of a sheet 
article. 
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[0027] 

If the method of pasting up the surface sheet 6 
partially can maintain the adhesion part 7, 
without failing in an anticipated-use situation, 
there will be especially no limitation. 
For example, (1) 

Method to sew on with a thread, (2) Method to 
make an adhesive agent or an adhesive adhere 
to the surface sheet 6, and adhere on it, and 
(3) Method to adhere with the binder of the heat 
welding are mentioned. 

The size of the cell part surrounded in the 
surface sheet 6 and the adhesion part 7 does 
not affect a sound absorption characteristics as 
it is the range of several cm - several dozens 
cm. 

A cell structure is crushed by failure or cutting, 
so that the size of a cell part is small. 
Since it is eliminated that a powder 8 falls from 
a cell, it is desirable. 


[0028] 

As an acoustically transparent base material, 

about a powder, if it is the thing which can 

prevent the spill of lock-in and a powder etc., 

there will be especially no limitation. 

In addition, said surface sheet 6 is one sort of 

an acoustically transparent base material. 

As the example of an acoustically transparent 

base material, the existing air permeable paper, 

a textile fabric, a nonwoven-fabric sheet, glass 

cloth; 

Polymeric sheets, such as the polyester film 

whose thickness is about 50 micrometer or less, 

a polyethylene sheet, and a vinyl sheet; 

a coustically transparent surface sheets, such 

as metallic foils, such as aluminum foil, are 

mentioned. 

An acoustically transparent base material is 
suitably chosen by the mean particle diameter 
and fill of a powder which express sound 
absorbing performance. 
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[0029] 

Except the structure obstructed with the 
acoustically transparent surface sheet in the 
powder which expresses a sound-absorption 
action by vibration of the particle which the 
sheet article was said and was shown is 
sufficient, for example, the thing which fills the 
powder which expresses a sound-absorption 
action by vibration of a particle inside sheet-like 
fiber-structure objects, such as a nonwoven 
fabric of rayon, nylon, and a polypropylene type, 
and glass wool, rock wool, or the structure 
which filled the powder which expresses a 
sound-absorption action by vibration of a 
particle inside cell structures, such as a 
polymeric sheet which became mesh-like, and a 
paper honey-comb, and was obstructed with the 
acoustically transparent surface sheet can be 
mentioned. 

Since it is easy to deal with a sheet article as a 
cell structure being flexible, it is desirable. 
Moreover, since it is necessary to make it 
integrate with a sheet-like fiber-structure object 
or a cell structure also about a surface sheet, 
what has adhesive, adhesion, and heat-fusion 
property is desirable. 

In this case, it may paste up a binder etc. and a 
structure. 
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[0030] 

As a powder in a sheet article, the powder 
which has a 0.1 to 1 000-micrometer mean 
particle diameter and the bulk density of the 
range of 0.1 to 1.5 g/cm3 is desirable. 
When a mean particle diameter or a bulk 
density removes from said range, there is a 
possibility of deteriorating in the sound 
absorption characteristics in low sound range. 
From the point of raising more the sound 
absorption characteristics in low sound range, 
as the powder in a sheet article, the powder 
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which has a 1 to 300-micrometer mean particle 
diameter and the bulk density of the range of 
0.1 to 0.8 g/cm3 is more desirable. 
As a powder used for this invention, the 
frequency characteristic of an acoustic 
absorptivity of a flat type or a peak type and the 
thing which it has are mentioned. 
If the frequency characteristic of an acoustic 
absorptivity is not a flat type or a peak type, 
there is a possibility of deteriorating in the 
sound absorption characteristics in low sound 
range. 

When the sound wave of the frequency more 
than a specific frequency carries out incidence 
to having the frequency characteristic of an 
acoustic absorptivity of a flat type, it is having 
an almost fixed acoustic absorptivity. 
Here, since a specific frequency changes with 
the thickness of a powder layer, especially 
limitation is not in the value. 
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[0031] 

As the powder which has the frequency 
characteristic of the acoustic absorptivity of a 
flat type, 

* Vermiculite 

(Mean particle diameter: 200 to 400 micrometer, 
bulk density: 0.1 g/cm3) 

* Wet silica 

(Mean particle diameter: 400 to 500 micrometer, 
bulk density: About 0.1 - 0.2 g/cm3) 

* Soft calcium carbonate 

(Mean particle diameter: 1 to 2 micrometer, bulk 
density: About 0.4 g/cm3) 

* Nylon powder 

(Mean particle diameter: 180 to 500 micrometer, 
bulk density: About 0.5 g/cm3) 

* Ferrite calcination article 

(Mean particle diameter: 1.3 to 1.5 micrometer, 
bulk density: About 1 .0 g/cm3) 

* Golden mica 

(Mean particle diameter: 650 micrometer, 

Bulk density: About 0.5 - 0.6 g/cm3) 
are mentioned, it each uses individually. 
Or two or more powders are used together. 
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[0032] 

It is that the frequency-characteristic curve of an 
acoustic absorptivity has convex maximum 
value as having the frequency characteristic of 
the acoustic absorptivity of a peak type. 
Here, since the frequency used as convex 
maximum value is changed with the thickness 
of a powder layer, there is especially no 
limitation in the value. 

A silica, a mica, a talc, etc. are mentioned as a 
powder which has the frequency characteristic 
of the acoustic absorptivity of a peak type. 
More specifically, for example, 

* Golden mica (mean particle diameter: 40 
micrometer, bulk density: About 0.4 g/cm3) 

* Wet silica (mean particle diameter: 7 to 150 
micrometer, bulk density:about 0.1 - 0.3 g/cm3) 

* Spherical silica (mean particle diameter: 3 to 
28 micrometer, bulk density:about 0.3 - 0.9 
g/cm 3) 

* Talc (mean particle diameter: 1.5 to 9.4 
micrometer, bulk density:about 0.3 - 0.5 g/cm3) 

* Acrylic-resin fine powder (mean particle 
diameter: 1 to 2 micrometer, bulk density : about 
0.3 g/cm3) 

* Calcium-silicate powder (mean particle 
diameter: 20 to 30 micrometer, bulk density : 
about 0.1 g/cm3) 

* Pearlite powder (mean particle diameter: 100 
to 150 micrometer, bulk density:about 0.1 - 0.2 
g/cm3) 

* Fluororesin powder (mean particle diameter: 5 
to 25 micrometer, bulk density:about 0.4 - 0.5 
g/cm 3) 

* Bentonite (mean particle diameter: 0.3 to 3.5 
micrometer, bulk density:about 0.5 - 0.8 g/cm3) 

* Shirasu-balloon (mean particle diameter: 30 to 
50 micrometer, bulk density:about 0.2 - 0.3 
g/cm 3) 

* Fused silica (mean particle diameter: 5 to 32 
micrometer, bulk density:about 0.5 - 0.8 g/cm3) 

* Silicon carbide powder (mean particle 
diameter: 0.4 to 5.0 micrometer, bulk 
density:about 0.6 - 1 .1 g/cm3) 
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* Nylon powder (mean particle diameter: 5 to 
250 micrometer, bulk density:about 0.3 - 0.5 
g/cm3) 

* Acrylic-resin powder (mean particle diameter: 
45 micrometer, bulk density:about 0.6 - 0.7 
g/cm3) 

* Carbon fiber powder (average fiber diameter: 
14 to 18 micrometer, fiber-length: 100-200 
micrometer, bulk density:about 0.5 - 0.6 g/cm3) 

* Titanium-dioxide powder (mean particle 
diameter: 0.1 to 0.25 micrometer, bulk 
density:about 0.5 - 0.7 g/cm3) 

* Calcium-carbonate powder (mean particle 
diameter: 3 to 30 micrometer, bulk 
density:about 0.6 - 1 .0 g/cm3) 

* Vinyl chloride resin powder (mean particle 
diameter: 130 micrometer, bulk density : about 
0.5 g/cm3) 

* Barium-ferrite magnetic particle (mean particle 
diameter: 1.8 to 2.2 micrometer, bulk density : 
about 1.5 g/cm3) 

* Silicone powder (mean particle diameter: 0.3 
to 0.7 micrometer, bulk density:about 0.2 - 0.3 
g/cm3) are mentioned, it each uses individually. 
Or two or more powders are used together. 


[0033] 

As an example, the taic whose mean particle 
diameter is 1.5 to 3.2 micrometer and whose 
bulk density is about 0.4 g/cm3 is chosen from 
the powder which has the frequency 
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characteristic of a peak type acoustic 
absorptivity, the vermiculite whose mean 
particle diameter is 200 to 400 micrometer and 
whose bulk density is about 0.1 g/cm3 is 
chosen from the powder which has the 
frequency characteristic of the acoustic 
absorptivity of a flat type, those vertical- 
incidence acoustic-absorptivity characteristics 
in 30 mm thickness were shown in FIG. 4. 
A curve 9 shows the acoustic-absorptivity 
characteristic of a talc among FIG. 4. 
A curve 10 each shows the acoustic- 
absorptivity characteristic of a vermiculite. 

[0034] 

it is much more desirable to use, as the 
powder in a sheet article, mixed powder of 
the powder consisting of a granular particle 
the powder consisting of the microfilament 
object of 1*102 or less N/m (preferably 10 or 
less N/m) of load rates, or The powder which 
has a granular particle and a microfilament 
object adhering to the surface of said granular 
particle, whose microfilament object has the 
load rate of 1*102 or less N/m (preferably 10 or 
less N/m). 

By using these powders, the sound absorption 
characteristics in low sound range improves 
more. 

When the load rate of a microfilament object 
removes from said range, there is a possibility 
of deteriorating in the sound absorption 
characteristics in low sound range. 
In addition, as a powder consisting of a granular 
particle, it is the above-mentioned powder 
which has a 0.1 to 1000-micrometer mean 
particle diameter, and the bulk density of the 
range of 0.1 to 1 .5 g/cm3, for example. 
Preferably, the powder which has a 1 to 300- 
mtcrometer mean particle diameter and the bulk 
density of the range of 0.1 to 0.8 g/cm3 is 
desirable. 


[0035] 

Specifically, as shown in FIG. 5, the powder 
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consisting of the granular particle 11 and the 
powder consisting of the microfilament object 
12 which has the load rate of said numerical 
value within the limits are mixed, or a sound 
absorption characteristics can further be formed 
into lower sound range than the powder 
consisting of a granular particle by attaching 
this microfilament object 12 of the powder 
consisting of the microfilament object 12 to the 
surface of this granular particle 11 of the powder 
consisting of the granular particle 11, the 
thickness (or thickness of a sheet article) of a 
powder layer can be reduced more. 
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[0036] 

As a microfilament object 12 adhered * mixed, 
the structure which whiskers, such as a metal 
whisker, plastic fiber, a vegetable fiber, a glass 
fiber, and they aggregated is used for the 
granular particle 11. 

More specifically, a potassium-titanate whisker, 
a silicon carbide whisker, a zinc-oxide whisker, 
a calcium-silicate acicular powder, a sepiolite, 
etc. are mentioned. 

Especially limitation is not carried out about a 
fiber diameter and a fiber length, either. 
However, a normal average fiber diameter is the 
range which is 0.1 to 10 micrometer. 
A fiber length is within the limits from several 
micrometer to dozens of micrometer. 


[0037] 

The microfilament object 12 is not limited to 
these. 

A load rate should just be 1 *1 02 or less N/m. 
A load rate is 10 or less N/m desirably. 
Furthermore, especially limitation is not carried 
out for the mixing rate of the granular particle 11 
and the microfilament object 12. 
However, there is a weight proportion of the 
powder and the powder consisting of a 
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microfilament object consisting of a granular 
particle within the range of for example, 20:1- 
1:10. 

Within the limits of 5:1-1:3 is desirable. 
There is a possibility that it may deteriorate in 
the sound absorption characteristics in low 
sound range when the ratio of a microfilament 
object powder removes from said range. 
Especially limitation is not carried out about the 
adhesion method of the microfilament object 12 
to the granular particle 11 , either. 
However, the method of mixing a microfilament 
object to the diluted binder and spraying the 
inside of a hot air to the granular particle which 
is flowing, for example, or the method of 
carrying out the mixed heating of the granular 
particle which coated the heat-fusion property 
binder, and the microfilament object etc. are 
mentioned. 
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[0038] 

Next, the sound-absorption mechanism of a 
powder particle is demonstrated. 
If a sound wave carries out incidence to a 
powder layer, the longitudinal oscillation mode 
of a powder layer will be excited, an acoustic 
absorptivity becomes bigger in the frequency 
band which the mode produces. 
If the frequency in which an acoustic 
absorptivity becomes larger is made into a peak 
frequency (fr), fr can be expressed with 
Young's-modulus E, bulk density (rho), and 
powder bed-depth t of a powder layer like the 
next Formula (2). 

[0039] 

fr°c(E/(rho))1/2/4t (2) 
In addition, Young's-modulus E of a powder 
layer is determined by the load rate of the 
powder particle surface. 

The load rate of the granular particle surface is 
usually larger than 1*102 N/m. 
The load rate of said microfilament object is 
1*102 or less N/m. 

If smaller than the load rate of one granular 
particle, a sound absorption characteristics can 
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further be formed into low sound range. 


[0040] 

It is desirable that the thickness of a powder 
layer is 5 mm or less, as mentioned above 
since a handleability improves, a reduction of 
the sound absorption characteristics by the 
inclination of a powder etc. can be suppressed, 
and a sound-absorption effect in a low- 
frequency region becomes higher. 
It is thus desirable. 

It is further desirable in it being 3 mm or less. 
Since a peak frequency (fr) receives influence 
greatly by thickness t of powder physical- 
property (E/(rho)) 1/2 and a powder layer, it is 
necessary to choose the thickness and the kind 
of powder layer suitably according to the sound 
absorption characteristics required. 

[0041] 

Since porous material (A) and porous material 
(B) are laminated, the sound absorbing material 
of this invention 1 is excellent in the 
handleability as a material. 
Porous material (A) further works as mass. 
Porous material (B) works as a spring. 
A resonance phenomenon thus happens. 
With the sound-absorption effect by resonance, 
the sound absorbing performance in a low- 
frequency region becomes higher. 
Even if thickness is thin, the sound absorbing 
performance in a low-frequency region does not 
reduce. 


[0042] 

Porous material (A), porous material (B), and a 
powder layer are laminated, and the sound 
absorbing material of this invention 2 is 
integrated. 

Therefore, it is excellent in the handleability as a 
material. 

It further adds to the sound -absorption effect by 
the above-mentioned resonance, a sound- 
absorption effect in the low-frequency region by 
vibration of a powder layer works. 
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The sound absorbing performance in a low- 
frequency region further becomes higher. 
Thickness may be thin. 

Moreover, the powder layer has the sound- 
wave permeability. 

Therefore, since incidence of the sound wave 
which permeated the powder layer is carried out 
to the inside of a porous material, it can provide 
the sound absorption characteristics in middle- 
to-high sound range. 

[0043] 

Furthermore, a powder layer is the sheet article 
which held the powder which expresses sound 
absorbing performance by the acoustically 
transparent base material 
and the thickness of a powder layer is 5 mm or 
less, a handleability further improves. 
Also since a reduction of the sound absorption 
characteristics by the inclination of a powder 
etc. can be suppressed, there is no time- 
dependent performance degradation. 
A reduction of the sound absorbing 
performance in a low-frequency region is 
suppressed. 

The sound absorbing material of this invention 
can be used as a thin low-frequency region 
sound absorbing material as the interior 
material of a listening room and a musical 
instrument practice room, the raw material for 
lining of a sound absorption duct, and a raw 
material for lining of the noise insulation cover 
of the apparatus which generates a noise. 
Furthermore, the outstanding floor impact-noise 
reduction effect and the sound-insulating 
improvement effect are acquired by installing in 
intervals, such as a double floor and a double 
wall panel. 
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However, this invention is not limited to the 
following Example. 
(Example 1) 

FIG. 6 is sectional drawing which shows the 
composition of the Example of 1st sound 
absorbing material based on this invention. 
This sound absorbing material is as having 
already demonstrated. 

It has porous material (A)14 which has the bulk 
density of 200 to 500 kg/m3, and the Young's 
modulus of 1.0*1 06-1. 0*1 08Ns/m2, and porous 
material (B)13 which was laminated by the 
surface of this porous material (A)14 and which 
has the bulk density of 100 or less kg/m3, and 
the Young's modulus of 1.0*1 03-1. 0*1 06Ns/m2. 
A porous material (A)14 side is the incident side 
of a sound wave. 

A porous material (B)13 side is the transmission 
side of a sound wave. 


[0045] 

In addition, porous material (A)14 is a rock wool 
acoustic tile (the thickness of 12 mm, the 
density of 400 kg/m3, Young's modulus of 
7*106Ns/m2). 

Porous material (B)13 is a rock wool fiber (the 
thickness of 12 mm, the density of 24 kg/m3, 
Young's modulus of 3*103Ns/m2). 
In addition, porous material (B)13 was 
laminated in porous material (A)14 using the 
adhesive tape. 


[0046] 

The kind of porous material (A) and porous 
material (B) is not limited to the rock wool 
acoustic tile of a said example, and a rock wool 
fiber. 

About porous material (A), it has the bulk 
density of 200 to 500 kg/m3, and the Young's 
modulus of 1.0*1 06-1. 0*1 08Ns/m2, about 
porous material (B), it has the bulk density of 
100 kg/m3 or less, and the Young's modulus of 
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1.0*1 03-1. 0*1 06Ns/m2. 
It is good if said. 

When the sound wave carried out incidence to it 
being outside this range, the resonance 
phenomenon of a porous material does not 
happen. 

Or even if a resonance phenomenon happens, 
there is a possibility that the resonance level 
may become smaller. 

The sound absorbing performance in a low- 
frequency region is not expectable. 
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[0047] 

(Example 2) 

FIG. 7 is sectional drawing which shows the 
composition of the Example of 2nd sound 
absorbing material based on this invention. 
This sound absorbing material is as having 
already demonstrated. 

It is provided with a porous material (A)16 which 
has the bulk density of 200 to 500 kg/m3, and 
the Young's modulus of 1.0*1 06-1. 0*1 08Ns/m2, 
a porous material (B)15 which was laminated by 
the surface of this porous material (A)16 and 
which has the bulk density of 100 or less kg/m3, 
and the Young's modulus of 1.0*103- 
1.0*106Ns/m2, and the powder layer 17 which 
expresses a sound-absorption action by 
vibration of the particle laminated by the surface 
of porous material (A)16 which is in a reverse 
side to the porous material (B)15, the powder 
layer 17 side is the incident side of a sound 
wave. 

A porous material (B)15 side is the transmission 
side of said sound wave. 
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[0048] 

In addition, porous material (A)16 is a rock wool 
acoustic tile (the thickness of 12 mm, the 
density of 400 kg/m3, Young's modulus of 
7*106Ns/m2). 

Porous material (B)15 is a rock wool fiber (the 
thickness of 12 mm, the density of 24 kg/m3, 
Young's modulus of 3*103Ns/m2). 
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Moreover, as a powder layer 17, the sheet 
article (thickness of 2 mm) which, as shown in 
FIG. 8, held the powder which expresses sound 
absorbing performance by the acoustically 
transparent base material is used. 
Sheet article 11 is formed as follows. 
The powder 18 (the mixture ratio of a silica and 
a calcium-silicate acicular powder is a weight 
proportion, and is 1:1) which made the calcium- 
silicate acicular powder (spring-constant 16 
N/m, the average fiber length of 5 to 20 
micrometer, 0.8 micrometer of average fiber 
diameters) adhere to a silica (the mean particle 
diameter of 150 micrometer, density of 350 
kg/m3) is made to contain in the gap of the fiber 
19 of a polypropylene type nonwoven fabric. 
The surface is covered with the acoustically 
transparent polyester film 20 (thickness of 25 
micrometer), it formed in the shape of a sheet. 
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[0049] 

In addition, porous material (B)15 was 
laminated in porous material (A)16 using the 
adhesive tape. 

Moreover, similarly, the powder layer 17 was 

laminated in porous material (A)16. 

As mentioned above, the sound absorbing 

material laminated porous material (A), porous 

material (B), and a powder layer. 

The thickness is about 26 mm. 

In addition, in Example 2, it is not limited to a 

said Example about the thickness of a sheet 

article, the kind of powder, and a physical 

property, according to the sound absorption 

characteristics required, it chooses suitably. 


[0050] 

As a powder in a sheet article, it is not limited to 
what was shown in the above. 
However, a powder is a mixed powder of 
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the powder which consists of a granular particle, 
and 

the powder which consists of a microfilament 
object of 1*102 or less N/m of spring constants. 
Or it is much more desirable to use the powder 
which has the structure which attached the 
microfilament object of 1*102 or less N/m of 
spring constants to the granular particle 
surface. 

In other words, the powder excellent in the 
sound absorption characteristics is used. 

The fill of a powder in other words, thickness of 
a powder layer is made thin. 
The sound absorbing performance in a low- 
frequency region can thus be expressed. 
Therefore, in the sound absorbing material 
using a sheet article, both sound absorbing 
performance and the handleability as a material 
can be satisfied. 

[0051] 

As a base material holding a powder which 
constitutes a sheet article, it is acoustically 
transparent. 

Especially limitation will not be carried out if the 
spill of a powder can be prevented. 
As such a base material (surface sheet), for 
example, the existing air permeable paper, a 
textile fabric, a nonwoven-fabric sheet, a glass 
cloth, etc., or polymeric sheets, such as the 
polyester sheet, a polyethylene sheet, and a 
vinyl sheet whose thickness is 50 micrometer or 
less in general, and metallic foils, such as 
aluminum foil, etc. are mentioned. 
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[0052] 

In addition to the sound-absorption action by 
the resonance phenomenon of the spring-mass 
system by laminating a porous material, in 
Example 2, a sound-absorption action in the 
low-frequency region by vibration of a powder 
layer works. 

Therefore, the sound absorbing performance in 
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a low-frequency region further becomes higher. 
Furthermore, since the sound wave which 
permeated the powder layer carries out 
incidence to the inside of a porous material, the 
sound wave of middle and high sound range 
can be absorbed sound. 
Furthermore, in Example 2, since it is the sheet 
article which held the powder to which a powder 
layer expresses sound absorbing performance 
by the acoustically transparent base material, a 
handleability further improves. 
A reduction of the sound absorption 
characteristics according that it is a sheet article 
to the polarization of a powder etc. is 
suppressed, there is no time-dependent 
performance degradation and the sound 
absorbing performance in a low-frequency 
region does not reduce. 

[0053] 

In Example 2, the thickness of a powder layer, 
the kind of powder, a porous material, etc. are 
not limited to a said example, but are suitably 
chosen according to the sound absorption 
characteristics required. 

For example, the kind of porous material (A) 
and porous material (B) is not limited to the rock 
wool acoustic tile of a said example, and a rock 
wool fiber. 

About porous material (A), it has the bulk 
density of 200 to 500 kg/m3, and the Young's 
modulus of 1.0*1 06-1. 0*1 08Ns/m2, about 
porous material (B), it has the bulk density of 
100 kg/m3 or less, and the Young's modulus of 
1.0*103-1.0*106Ns/m2. 
It is good if said. 

When the sound wave carried out incidence to it 
being outside this range, the resonance 
phenomenon of a porous material does not 
happen. 

Or even if a resonance phenomenon happens, 
there is a possibility that the resonance level 
may become smaller. 

The sound absorbing performance in a low- 
frequency region is not expectable. 
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[0054] 

Next, in the sound absorbing material shown in 
said Example 1 and 2, the result of having 
measured sound absorbing performance based 
on the measuring method of the reverberation- 
chamber acoustic absorption coefficient in J IS 
A1409 is shown. 

FIG. 9 serves as a sound absorbing material of 
Example 1 from rock wool, when installation 
area of a sound absorbing material is made into 
3 m2, the result of having measured the 
acoustic absorption coefficient with a 
commercially available porous sound absorbing 
material (sound absorbing material of a 
Comparative example) with a bulk density of 40 
kg/m3 and a thickness of 25 mm is shown. 
In the sound absorbing material of a 
Comparative example, the sound absorbing 
performance of 500Hz or less is showing the 
sound absorbing performance which was 
excellent in Example 1 in the low-frequency 
region 500Hz or less to a reverberation- 
chamber acoustic absorption coefficient 
(acoustic absorption coefficient) being 0.4 or 
less. 
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[0055] 

FIG. 10 shows the sound absorption 
characteristics of the sound absorbing material 
of Example 1 and Example 2, when installation 
area of a sound absorbing material is made into 
1 .3 m2, the property was compared. 
The powder layer of thickness 2 mm is 
laminated in Example 2, the sound absorbing 
performance which excelled the sound 
absorbing material of Example 1 in the low- 
frequency region 250Hz or less is shown. 
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[EFFECT OF THE INVENTION] 

Porous material (B) is laminated by porous 
material (A), and the sound absorbing material 
of this invention 1 is integrated. 
Therefore, it excels in the handleability as a 
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material. 

Furthermore, in 1st sound absorbing material, 
porous material (A) works as mass. 
Porous material (B) works as a spring. 
A resonance phenomenon happens and the 
sound absorbing performance in a low- 
frequency region becomes higher with the 
sound-absorption action by resonance, even if 
thickness is thin, there is no reduction of the 
sound absorbing performance in a low- 
frequency region, and the acoustic absorption 
coefficient is high. 
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[0057] 

Porous material (A), porous material (B), and a 
powder layer are laminated, and the sound 
absorbing material of this invention 2 is 
integrated. 

Therefore, it excels in the handleability as a 
material. 

In addition to the sound-absorption action by 
the above-mentioned resonance, a sound- 
absorption action in the low-frequency region by 
vibration of a powder layer further works. 
Therefore, the sound absorbing performance in 
a low-frequency region further becomes higher, 
thickness may be thin. 

Moreover, the powder layer has the sound- 
wave permeability. 

Therefore, incidence of the sound wave which 
permeated the powder layer is carried out to the 
inside of a porous material, it also has the 
sound absorption characteristics in middle and 
high sound range. 

[0058] 

Furthermore, it sets to 2nd sound absorbing 
material, a powder layer is the sheet article 
which held the powder which expresses sound 
absorbing performance by the acoustically 
transparent base material. 
The thickness of a powder layer is 5 mm or less. 
Since it is a sheet article, a handleability further 
improves. 

Since the powder is held by the base material, a 
reduction of the sound absorption 
characteristics by the polarization of a powder 
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{ST^ 5 W]$'J"C#^ fiHfW&iSjl etc. can be suppressed, there is no 
jS^^^^KeH^^^fcteft deterioration of the sound absorbing 
v N performance in a time-dependent low-frequency 

region. 

[0E<Ol»W«£lftW] [BRIEF EXPLANATION OF DRAWINGS] 


[HI] [Fid] 

<^W> 1 WKfttO 1 Sectional drawing which shows one Example of 

^ £ ^^g^gg the sound absorbing material of this invention 1 . 

[02] [FIG.2] 

2 coBH^Mtf) 1 Sectional drawing which shows one Example of 

^ ^^-^i^gf g] o the sound absorbing material of this invention 2. 

[H3] [FIG.3] 

b^K^c7)^ag^^-t~ltfS Sectional drawing which shows the structure of 

(gj a sheet article. 

[IS 4] [FIG.4] 

77y M^oi^t^^lKf Tne f'9 ure showing the sound absorption 

#14£^o^ft;jf <DPj^#t££ characteristics of a powder layer with a flat type 

^l^f-m and a peak type sound absorption 

characteristics. 

[El 5] [FIG.5] 

&Vt&?<D&mz9k/bW$&#% The conceptual diagram of the powder which 

HtffcffiW-OM&Mo attached the microfilament object to the surface 

of a granular particle. 

[H6] [FIG.6] 

HffiW 1 1^33 tt SRfM^t Sectional drawing which shows the sound 

absorbing material in Example 1. 


7] [FIG.7] 

■KUtfiJ 2 f^jottSK'S'WSr^i" Sectional drawing which shows the sound 

absorbing material in Example 2. 


IMS] [FIG.8] 
HffiW 2 M&frj" £ h #c^&- Sectional drawing which shows the sheet article 
^-t-BfESo in Exam P ,e 2 - 

[BI9] [FIG.9] 

The figure which shows the sound absorption 
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characteristics of Example 1 and the sound 
absorbing material of a Comparative example. 

[FIG.10] 

The figure which shows the sound absorption 
characteristics of the sound absorbing material 
of Example 1 and Example 2. 

[EXPLANATION OF DRAWING] 

1 Porous material (A) 

2 Porous material (B) 

3 Porous material (B) 

4 Porous material (A) 

5 Powder layer 

6 Surface sheet 

7 Adhesion part 

8 Powder 

11 Granular particle 

1 2 Microfilament object 

13 Porous material (B) 

14 Porous material (A) 

15 Porous material (B) 

16 Porous material (A) 

17 Powder layer 

18 Powder which made calcium-silicate 
acicufar powder adhere to silica 

19 Fiber of polypropylene type nonwoven 
fabric 

20 Polyester film 
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Incident direction of a sound wave 
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[FIG.2] 
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Incident direction of a sound wave 
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[FIG.3] 
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[FIG.4] 
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Acoustic absorption coefficient vs Frequency 
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[FIG.8] 
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[FIG.9] 
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Reverberation-room acoustic absorption coefficient vs Frequency 

Comparative Example 

Example 

[110] [FIG.10] 
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Reverberation-room acoustic absorption coefficient vs Frequency 
Example 1 
Example 2 
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